After allogeneic hematopoietic stem cell transplantation (HSCT), mature transplanted T cells play a major role in restoration of the immune system. However, they can also induce a life-threatening complication: graftversus-host disease (GVHD). Suicide gene therapy of GVHD aims to selectively eliminate alloreactive T cells mediating GVHD while sparing nonalloreactive T cells that should contribute to immune reconstitution. It was demonstrated previously that treatment with ganciclovir (GCV) can control GVHD in mice by killing donor T cells engineered to express the thymidine kinase (TK) suicide gene. TK allows phosphorylation of nontoxic GCV into triphosphate GCV, which is selectively toxic for dividing cells. Thus, in the TK-GCV system, the specificity of cell killing depends on the cycling status of TK T cells rather than allogeneic recognition. This is a potential drawback because in recipients of lymphopenic allogeneic HSCT, alloreactive and homeostatic signals drive the proliferation of donor T cells. It is shown here that the onset of alloreactive T-cell division occurs earlier than that of nonalloreactive T cells, thus establishing a time frame for GCV administration. A 7-day GCV treatment initiated at the time of HSCT allowed efficient prevention of GVHD, while sparing a pool of nondividing donor TK T cells. These cells later expanded and contributed to the replenishment of the recipient immune system with a diversified T-cell receptor repertoire. These results provide a rationale for designing the therapeutic scheme when using TK-GCV suicide gene therapy in allogeneic HSCT. 
Introduction
The prognosis for a patient who undergoes allogeneic hematopoietic stem cell transplantation (HSCT) is influenced by the presence in the recipient of postthymic peripheral donor T cells that improve engraftment 1 and T-cell reconstitution 2 and that provide a graft-versusleukemia (GVL) effect. 3 In adult patients, such T cells mainly arise from the persistence and expansion of infused donor T cells. 2, 4 Indeed, the differentiation of donor HSCs in the adult recipient thymus is inefficient, as illustrated by the observation that adults grafted with T-cell-depleted (TCD) bone marrow (BM) often remain immunodeficient for several months after transplantation. 4 In addition to the beneficial effects of infused donor T cells, activation of those specific for recipient alloantigens often results in a life-threatening complication: graft-versus-host disease (GVHD). 5 Thus, a major challenge of allogeneic HSCT is to achieve good T-cell reconstitution without GVHD.
A strategy for genetic immunosuppression based on conditional elimination of dividing donor T cells expressing the herpes simplex type 1 thymidine kinase (TK) suicide gene was recently developed (for review, see Cohen et al). 6 TK allows phosphorylation of the nontoxic prodrug ganciclovir (GCV) into triphosphate GCV, which, by blocking DNA elongation, is toxic for dividing cells. Hence, on activation and division, TK T cells become sensitive to GCV. 7, 8 We previously validated this TK-GCV genetic immunosuppression approach in a murine model of GVHD. After allogeneic bone marrow transplantation (BMT) supplemented with TK T cells, animals survived without developing GVHD when GCV was administered from day 0 to day 6 after transplantation. 9, 10 The ultimate aim of this strategy is to selectively eliminate in vivo the T cells mediating GVHD while sparing T cells that contribute to immune reconstitution and GVL effect. Because in the TK-GCV system the specificity of cell killing depends on the cycling status of donor TK T cells but not directly on allogeneic recognition, this selective elimination should be achievable if only or mostly alloreactive T cells expand rapidly after HSCT in response to recipient alloantigens. However, when infused in a lymphopenic host, homeostatic regulation of T cell numbers drives donor T cells to undergo cell division on recognition of self-ligands. 11, 12 Thus, after allogeneic HSCT in lymphopenic recipients, both alloantigen driven T-cell expansion of host-reactive donor T cells and homeostatic expansion of all T cells should occur.
Here we assessed the kinetics of T-cell expansion after semiallogeneic and syngeneic BMT and analyzed the origin of T-cell reconstitution after controlling GVHD with GCV. We show that, indeed, T cells of donor origin that have been spared by GCV contribute to the replenishment of the T-cell compartment and provide a diversified T-cell receptor (TCR) repertoire.
Materials and methods

Mice
FVB/N (FVB, H-2 q ), C57BL/6 (B6, H-2 b ) and [B6 ϫ FVB]F1 (H-2 qxb ) mice were obtained from Iffa Credo (L'Arbresle, France). Doubletransgenic [hCD4 ϫ TK] mice were obtained by breeding the previously described line 40 TK expressing the TK product in both mouse (m) CD4 and mCD8 T cells and line 38 human (h) CD4 transgenic mice expressing the hCD4 protein at the surfaces of mCD4 cells. 8, 13 Transgenic mice were bred in the animal facility of the Faculté de Médecine Pitié Salpêtrière (Paris, France). Mice were manipulated according to EEC guidelines.
Experimental GVHD
Experiments were performed as described 14 unless otherwise stated. Briefly, hybrid F1[B6 ϫ FVB] or FVB euthymic or thymectomized females (8-12 weeks of age) were lethally irradiated (11 Gy) . TCD BM cells (1.0 ϫ 10 7 ) from FVB mice plus 1.0 ϫ 10 7 T cells from [hCD4 ϫ TK] transgenic FVB mice were injected intravenously with 50 mg/kg per day GCV (Roche, Neuilly-sur-Seine, France) using 2001 Alzet mini-osmotic pumps (Alza, Palo Alto, CA). These pumps were implanted subcutaneously at the time of BMT under tribromoethanol (Avertin) anesthesia and delivered 1 Ϯ 0.02 L/h GCV. For shorter treatments, GCV was administered at the same dosage by intraperitoneal injections twice daily. This provides an experimental model of lethal GVHD that is efficiently controlled by early GCV administration. 15 
Immunocytofluorometry
Splenocytes from grafted animals were digested with collagenase and incubated with 2.4.G2 anti-Fc receptor monoclonal antibody. Cells were stained with combinations of the following monoclonal antibodies: phycoerythrin-labeled anti-CD4 (clone RM4-5; Pharmingen, San Diego, CA); quantum red-labeled anti-hCD4 (clone Q4120; Sigma, St Louis, MO); fluorescein isothiocyanate (FITC)-labeled anti-CD8 (clone CT-CD8a; Caltag Laboratories, San Francisco, CA); FITC-labeled anti-CD44 (clone IM7), anti-CD25 (clone 7D4), anti-CD62L (clone MEL-14), and anti-CD69 (clone H1.2 F3) (Pharmingen) or anti-CD45RB (clone 16A) (Cedarlane, Hornby, Ontario, Canada); and biotinylated anti-V␤2 (clone B20.6), anti-V␤3 (clone KJ25), anti-V␤4 (clone CTVB4), anti-V␤6 (clone RR4-7), anti-V␤7 (clone TR310), anti-V␤14 (clone 14.2) (Caltag), or anti-V␤17a (clone KJ23) (Pharmingen). Biotinylated monoclonal antibodies were revealed with tricolor-labeled streptavidin (Caltag). Events were acquired on a FACScalibur (Becton Dickinson, San Jose, CA) and analyzed using CellQuest software (Becton Dickinson).
Assessment of donor T-cell proliferation
Splenocytes and lymph node cells from donors were stained with the 5-(and 6-) carboxyfluorescein diacetate succinimide ester (CFSE). Cells (1 ϫ 10 7 /mL) were incubated during 10 minutes at 37°C, 5% CO 2 , in a medium (RPMI 1640) containing CFSE at a concentration of 1.5 M. Staining was stopped by the addition of fetal calf serum to reach a concentration of 20% of the total volume. Labeled cells were washed twice in phosphate-buffered saline, numbered, and injected intravenously in lethally irradiated mice. Splenocytes from grafted animals were collected at different times after BMT. Cell proliferation was studied as the sequential loss of CFSE fluorescence on cell division after FACS analysis of the hCD4 population.
T-cell receptor CDR3 length distribution
Experiments were performed as described. 16, 17 Briefly, RNA was reverse transcribed, and a quantity of cDNA corresponding to 625 ng total RNA was amplified by polymerase chain reaction using a V␤ family-specific primer (same as in 16, 17 except for V␤3-GCAAAGATGAGGTGTATC-CCTG) and a C␤-GCCCATGGAACTGCACTTGGC primer (Genset, Paris, France). Each V␤-C␤ polymerase chain reaction product was then subjected to 10 run-off cycles primed with a ROX-labeled internal C␤-GCCCATGGAACTGCACTTGGC primer (Genset). Each run-off product was denatured and loaded on a sequencing gel for fluorescence analysis on an ABI377 DNA sequencer (Perkin Elmer, Norwalk, CT). Data were analyzed with Immunoscope 3.01b software (Loginserm, Paris, France).
Statistical analyses
Statview software (Abacus Concepts, Berkeley, CA) was used for statistical analysis. Mann-Whitney U tests were used to evaluate T-cell reconstitution. P values are indicated only when differences between 2 groups were statistically significant.
Results
Experimental model
To identify the origin of T-cell reconstitution after BMT-ie, central thymic production versus peripheral expansion of mature donor T cells-we generated double-transgenic mice coexpressing the TK enzyme in CD4 ϩ and CD8 ϩ T cells 18 and an hCD4 marker molecule at the surface of CD4 ϩ T cells. 13 T cells from [hCD4 ϫ TK] double-transgenic mice (FVB, H-2 q ) were infused together with TCD BM cells from wild-type mice (FVB) in lethally irradiated syngeneic or allogeneic recipients. Tracking the hCD4 surface marker rather than the intracellular TK molecule, which is difficult to detect by available methods, readily allowed monitoring of infused mature donor CD4 ϩ T cells independently of newly produced thymus-derived hCD4 Ϫ T cells originating from nontransgenic HSCs. This system also permitted identification of infused donor T cells versus host T cells surviving after irradiation.
Early cell division of donor T cells after infusion in semiallogeneic lethally irradiated recipients
We first analyzed the kinetics of donor T-cell division after semiallogeneic BMT. For this, T cells from [hCD4 ϫ TK] doubletransgenic FVB mice were stained with CFSE and infused together with BM cells from wild-type FVB mice in lethally irradiated semiallogeneic recipients ([B6 ϫ FVB], H-2 bxq ). Spleen cells from mice that received transplants were collected at different time points after BMT, and donor T-cell division was assessed by a CFSE fluorescence intensity decrease within the hCD4 ϩ population. In the absence of GCV, the first cell divisions for hCD4 ϩ T cells occurred between hour 40 and hour 64 after grafting. At hour 88, almost all hCD4 ϩ splenocytes had divided at least once ( Figure  1A ). When GCV was administered in this setting, most hCD4 ϩ T cells were killed (see below), and the survivors were mostly cells that had not divided, indicating that dividing cells had been killed by GCV during this period ( Figure 1A) .
When similar experiments were performed in a lethally irradiated syngeneic host, the kinetics of CFSE-labeled T-cell division was delayed. When T-cell division began (hour 40) in a semiallogeneic host, no cell division could be detected ( Figure 1A ). At hour 88, when most T cells had already divided several times in semiallogeneic recipients, only a small fraction of hCD4 ϩ cells had divided once in syngeneic hosts. As observed after semiallogeneic BMT, the small population of T cells that divided once could no longer be detected at hour 88 when GCV was administered in vivo ( Figure 1A) .
We next evaluated the expansion of donor T cells by counting absolute numbers of hCD4 ϩ splenocytes in grafted mice. After semiallogeneic BMT, a strong T-cell expansion was observed between hour 40 and hour 88 ( Figure 1B , P Ͻ .05) in accordance with CFSE experiments. When approximately 6 ϫ 10 6 hCD4 ϩ cells were injected intravenously at the time of grafting, 12 ϫ 10 6 hCD4 ϩ cells were readily detected in the spleen at hour 88. Under GCV at hour 88, the number of hCD4 ϩ cells was significantly decreased (1.3 ϫ 10 6 cells) compared with untreated mice (P Ͻ .05), confirming an efficient elimination of proliferating T cells by the TK-GCV system. In contrast, when T cells were infused in syngeneic recipients, no differences between GCV-treated or untreated groups were observed ( Figure 1B ). This suggests that the modest rise in the absolute number of hCD4 ϩ splenocytes observed For personal use only. on October 23, 2017. by guest www.bloodjournal.org From at hour 88 was attributed to the homing of injected T cells to the spleen rather than to T-cell expansion. Together, these results demonstrate that, when injected in lethally irradiated mice, T cells proliferate more rapidly in semiallogeneic hosts than in syngeneic hosts.
Persistence and expansion of donor T cells after GCV-mediated control of GVHD
We next analyzed the persistence and expansion of donor T cells at later time points after GCV cessation. In the semiallogeneic BMT setting, mice that had not received GCV had dramatically reduced numbers of hCD4 ϩ cells at day 7 (1.7 ϫ 10 6 cells, Figure 2 ) than at hour 88 (12 ϫ 10 6 cells, Figure 1B , P Ͻ .02). At day 14, hCD4 ϩ numbers were comparable to those observed at day 7, reflecting the absence of T-cell expansion that accompanies GVHD. 19 When recipients were treated with GCV, an average of 2.4 ϫ 10 6 hCD4 ϩ splenocytes was found at day 7, representing 94% of the mCD4 ϩ compartment (Figure 2) . This indicated that a pool of donor T cells had persisted in the recipient despite the 7-day GCV course. In the 7-day period after the cessation of GCV, hCD4 ϩ splenic T cells had increased 5-fold (P Ͻ .002), revealing an important expansion of the remaining donor T cells. These cells still represented 81% of the mCD4 ϩ compartment. Similar augmentations were observed in the mCD8 ϩ compartment (Figure 2 ). These results demonstrate not only that a fraction of infused T cells persists despite GCV but also that these cells significantly expand after the cessation of GCV.
In the syngeneic BMT setting, the number of hCD4 ϩ splenic T cells increased from 1.1 ϫ 10 6 cells at day 7 to 3.6 ϫ 10 6 cells at day 14 in mice that had not been given GCV (P Ͻ .01). At these time points, the hCD4 ϩ compartment only represented 49% and 60%, respectively, of the mCD4 ϩ subset. In GCV-treated mice, the number of hCD4 ϩ cells also increased after GCV cessation, between day 7 and day 14 (P Ͻ .05). Nevertheless, compared with what was observed in semiallogeneic BMT, these numbers were significantly lower than those of nontreated mice (Figure 2 , P Ͻ .02). Furthermore, 84% and 71% of mCD4 ϩ T cells were hCD4 Ϫ at day 7 and day 14, respectively. The mCD8 ϩ subset also decreased in GCV-treated mice compared with untreated mice (Figure 2 , P Ͻ .02). These results, together with CFSE-staining data (Figure 1 ), indicate that a large fraction of infused donor T cells divides between day 3 and day 7 after syngeneic BMT. These cells are thus killed if GCV is administered, impairing further donor T-cell reconstitution (Figure 2 ).
Analysis of donor-type T-cell reconstitution after control of GVHD
The above experiments were performed in euthymic mice and suggest rapid differentiation of HSCs in the recipient thymus. Indeed, at day 7 after a syngeneic graft and in the absence of GCV GCV was administered from day 0 to day 6 (F), whereas controls did not receive GCV (E). At day 7 and day 14 after grafting, splenocytes from grafted animals were collected. CD4 T cells originating from infused TK T cells are unequivocally identified as hCD4 ϩ mCD4 ϩ cells (gated on lymphocytes by size criteria). The lymphoid compartment was analyzed in the spleen at day 7 (end of the GCV regimen) or at day 14. Results are given as mean Ϯ SEM of total cell numbers after gating on the appropriate subsets (semiallogeneic/GCV, day 7, n ϭ 9; semiallogeneic/GCV, day 14, n ϭ 8; semiallogeneic/no GCV, day 7, n ϭ 7; semiallogeneic/no GCV, day 14, n ϭ 4; syngeneic/GCV, days 7-14, n ϭ 4; syngeneic/no GCV, days 7-14, n ϭ 5). 
DONOR T-CELL EXPANSION AFTER CONTROL OF GVHD 2073
BLOOD, 1 OCTOBER 2001 ⅐ VOLUME 98, NUMBER 7 For personal use only. on October 23, 2017 . by guest www.bloodjournal.org From treatment, hCD4 Ϫ cells represented half the recipient mCD4 ϩ T cells. It is possible that rapid thymus-dependent T-cell differentiation, which is impaired in adult humans, could interfere with the expansion of infused mature T cells. We thus next analyzed the quality of long-term peripheral T-cell reconstitution in the absence of central production using thymectomized, irradiated recipients. At day 78 after semiallogeneic BMT, the hCD4 ϩ compartment of GCV-treated mice represented 84% of the mCD4 ϩ subset, indicating donor-type T-cell reconstitution. Although most infused hCD4 ϩ T cells had a naive CD44 10 /CD45RB ϩ /CD62L ϩ phenotype, they acquired a CD44 ϩ /CD45RB Ϫ /CD62L Ϫ memory phenotype ( Figure  3 ). In addition, 50% and 27% of these hCD4 ϩ T cells still expressed the activation markers CD69 and CD25, respectively.
To evaluate T-cell diversity in the latter mice, TCR V␤ usage was assessed by flow cytometry. At day 78 after semiallogeneic BMT in GCV-treated mice, V␤ usage was significantly different in 5 of 7 V␤ families compared with donor T cells before infusion for the mCD4 ϩ subset and in 3 of 7 V␤ families for the mCD8 ϩ subset ( Figure 4A ). Nevertheless, all the V␤ families tested were represented in both mCD4 ϩ and mCD8 ϩ subsets ( Figure 4A) , and immunoscope analysis showed a broadly diversified distribution of TCR␤ CDR3 transcript lengths (Figure 4B ), confirming the polyclonality of the T-cell repertoire. However, individual peaks occasionally accumulated in some V␤, suggesting preferential expansion of discrete T-cell specificities. After syngeneic BMT in thymectomized GCV-treated recipients, among the mCD4 ϩ subset 70% were hCD4 ϩ and 50% were hCD4 ϩ CD44 ϩ (not shown). Flow cytometric V␤ usage analysis proved polyclonality of the mCD4 ϩ subset (not shown), whereas immunoscope analysis revealed mostly Gaussian-like TCR␤ CDR3 length distribution ( Figure 4B ).
Discussion
Genetic immunosuppression for treating GVHD is aimed at selectively eliminating donor-dividing T cells responsible for GVHD while sparing nonalloreactive donor T cells. The latter pool of T cells would consequently persist at the end of the GCV treatment and should contribute to the reconstitution of the recipient's immune system. We and others previously demonstrated the efficiency of this approach to control GVHD in several genetic combinations of donor and recipient mice after BMT supplemented with TK T cells. [8] [9] [10] 20, 21 In agreement, preliminary results of clinical trials using this strategy have demonstrated the possibility of Figure 3 . After semiallogeneic BMT, donor T cells display a memory-activated phenotype in GCV-treated thymectomized recipients. Experiments were performed on splenocytes recovered at day 78 after BMT and GCV administration. 84% Ϯ 1% of mCD4 ϩ cells express the hCD4 marker. Memory-activation markers were analyzed on mCD4 ϩ hCD4 ϩ -gated T cells from grafted mice (n ϭ 9) and compared to a pool of donor T cells before infusion (n ϭ 3). Isotype-matched negative control is represented by a black histogram. For the semiallogeneic BMT group, cell frequencies are given as mean Ϯ SEM. At day 78, V␤ usage was determined by flow cytometry in mCD4 ϩ -and mCD8 ϩ -gated subsets using a series of 7 monoclonal antibodies covering approximately two thirds of the T-cell repertoire. Results are given as mean Ϯ SEM for both the semiallogeneic BMT group (f, n ϭ 9) and a series of donor T cells before infusion (Ⅺ, n ϭ 5). (B) Diversity of the T-cell repertoire was determined in the spleen by analyzing the distribution of TCR␤ CDR3 transcript lengths (immunoscope method 16, 17 ). Peaks were separated by a 3-nucleotide length, corresponding to in-frame transcripts. Representative data are shown for 3 of 7 thymectomized mice from the semiallogeneic BMT group treated by GCV (day 78, black), compared to the Gaussian-like distribution of donor T cells before infusion (white) and to a syngeneic BMT group of thymectomized mice treated by GCV (day 90, gray).
controlling ongoing GVHD by GCV administration in recipients of donor TK T cells. 22, 23 It is also possible to efficiently prevent GVHD by depleting T cells from the HSC transplant. However, this strategy does not allow satisfactory T-cell reconstitution, yielding numerous infection complications. 24 Thus, the TK-GCV system will offer a significant advantage over T-cell depletion only if it spares sufficient numbers of nonalloreactive T cells to allow T-cell reconstitution. Theoretically, an earlier onset of alloreactive T-cell division compared to that of nonalloreactive T cells should permit the scheduling of GCV administration so as to control GVHD but allow reconstitution of the recipient immune system. To investigate this possibility, we compared the kinetics of T-cell division after semiallogeneic BMT, in which both alloreactive and homeostatic T-cell expansion can occur, to the kinetics of T-cell division after syngeneic BMT, in which only homeostatic expansion takes place. For this, we analyzed splenocytes collected early after BMT. Indeed, after intravenous infusion, donor T cells rapidly home to the spleen, where they proliferate before their dissemination to target organs. 25 When T cells were infused into syngeneic hosts, CFSE experiments indicated that only a small fraction of cells had already divided at hour 88. In contrast, in semiallogeneic hosts, most T cells had proliferated at least once at this time point. Concurrently, absolute hCD4 ϩ splenocyte numbers increased moderately in syngeneic hosts versus approximately 20-fold in semiallogeneic hosts. The difference observed in the onset of division between host-reactive and non-host-reactive T cells validates the rationale of the TK-GCV approach. Indeed, it should be possible to induce preferential killing of host-reactive T cells using a short-term GCV treatment in the early graft period. The effect of GCV on donor T cells confirmed this hypothesis. In the syngeneic host, the small increase in hCD4 ϩ splenocytes observed between hour 64 and hour 88 was not abrogated by GCV, likely reflecting homing into the spleen rather than proliferation of these cells. In contrast, GCV administration strongly lowered hCD4 ϩ splenocyte numbers after semiallogeneic BMT, indicating proliferation ( Figure 1B) .
After semiallogeneic BMT, at the end of GCV treatment, donor hCD4 ϩ T-cell counts were comparable between GCV-treated and untreated groups (day 7, Figure 2 ). This situation presumably arose from 2 completely different mechanisms. In the absence of GCV, alloreactive donor T cells that had rapidly proliferated likely underwent massive activation-induced cell death, in accordance with a previous report. 26 Conversely, GVHD prevention by GCV spared a pool of nonalloreactive donor T cells that had not divided and therefore was readily detectable at the end of treatment.
After syngeneic BMT, at day 7, donor hCD4 ϩ T-cell counts were reduced in GCV-treated mice as compared to untreated mice ( Figure 2 ). This presumably reflects that although significant homeostatic cell division of donor T cells was delayed compared to alloreactive cell division, it occurred between hour 88 and day 7 in the syngeneic recipients. One of the most intriguing findings of this study is the observation that in GCV-treated mice, the numbers of hCD4 ϩ cells are decreased 10-fold in syngeneic hosts relative to semiallogeneic hosts, on day 7 and on day 14. This result is counterintuitive because one could expect a similar time course for the homeostatic expansion in semiallogeneic and syngeneic hosts.
The current data suggest that the homeostatic expansion began during the period of GCV administration (day 0 to day 7) in syngeneic hosts, whereas it was delayed in semiallogeneic hosts. It also suggests that, until they are killed by GCV, alloreactive T cells exert an inhibitory effect on the division of nonalloreactive T cells. This could be owing to a competition for T-cell niches 19 or the secretion of inhibitory cytokines. This phenomenon deserves specific investigations that require an experimental model allowing distinction between alloreactive and nonalloreactive T cells. Whatever the mechanism involved, the follow-up of T-cell expansion from day 7 to day 14 (Figure 2) , after GCV cessation, revealed that the best early T-cell reconstitution is achieved after semiallogeneic BMT provided that GVHD is efficiently controlled.
In adult humans, TCD efficiently prevents GVHD but is associated with poor immune reconstitution and infection because of poor thymic activity. 24, 27 Therefore, we analyzed the long-term T-cell reconstitution potential of infused mature donor T cells in thymectomized recipients. In mice in which GVHD was controlled, donor T cells were still present at day 78 after semiallogeneic BMT. They displayed a memoryactivated phenotype, in agreement with previous observations. 1, 28 Furthermore, half of them expressed the CD69 activation marker, suggesting possible ongoing T-cell division in mice that remained lymphopenic. T-cell reconstitution of these mice, though numerically limited, provided a diversified T-cell repertoire in terms of both V␤ usage and TCR␤ CDR3 transcript-length distribution. Some differences were found between this repertoire and that of donor T cells at the time of infusion (Figure 4 ), which could reflect the elimination of alloreactive T cells and discrete clonal T-cell expansions that were not seen after syngeneic BMT (Figure 4) .
After allogeneic BMT, GCV-treated mice respond to a thirdparty alloantigen, 9 to a foreign protein antigen, 14 and to primary infection with the lymphocytic choriomeningitis virus (LCMV). 15 Of importance, using the same model of semiallogeneic BMT used in this report, we previously showed that donor antiviral memory can be conferred to BM-grafted GCV-treated hosts by the transfer of immunocompetent cells from LCMV-immune animals. 15 Collectively, these data suggest an effective immune reconstitution from infused mature donor T cells. Thus, the TK-GCV strategy should permit introduction of a functional T-cell repertoire in the absence of GVHD, notably in the case of poor thymic function. Altogether, our results show that though the specificity of GCV-mediated cell killing does not directly depend on allogeneic recognition, the differences in the onset of cell division triggered by alloreactive or homeostatic signals allow preferential elimination of alloreactive T cells. The TK-GCV system not only efficiently controls GVHD after semiallogeneic BMT, it spares non-host-reactive donor T cells that contribute to T-cell reconstitution.
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